Collecting duct carcinoma (CDC), is a rare and aggressive form of renal cell carcinoma (RCC) accounting for around 1% of all renal malignancy. It affects younger patients and is associated with rapid progression, distant spread and poor prognosis. Cardiac metastases from all types of RCC, without involvement of the inferior vena cava are very rare. We present the case of a 54 year old man with a history of CDC, who presents with collapse and ventricular tachycardia secondary to multifocal cardiac metastases. We are not aware of any other reports in the literature of CDC and cardiac metastases. 
Introduction
Collecting duct carcinoma (CDC), also known as Bellini duct carcinoma, is a rare type of renal cell carcinoma (RCC) accounting for around 1% of all renal malignancy. It affects younger patients and is associated with rapid progression, distant spread and poor prognosis. Most cases are metastatic at presentation and surgery is usually not curative. 1 RCCs are known to extend directly into the right atrium via the inferior vena cava, but distinct cardiac metastases that have seeded in the cardiac tissue are rare, particularly to the left side of the heart. It has been proposed that cardiac metastases to the left side of the heart spread via intra-thoracic lymphatics, rather than by direct or hematogenous routes and that this mode of spread is associated with a poorer prognosis. 2, 3 We present the case of a 54 year old man with a history of CDC, who presents with collapse and ventricular tachycardia secondary to multifocal cardiac metastases.
Case presentation
A 54 year old Caucasian engineer was referred by his general practitioner to the acute surgical unit with a 4 day history of left flank pain, rigors and a palpable mass in his left flank. He was febrile and tachycardic. Initial blood results revealed hemoglobin of 121 g/L, a leukocytosis of 27.2 Â 10 9 /L, reduction in eGFR of 46 ml/min/ 1.73 m 2 and a raised C-reactive protein of 464 mg/L. Bone profile and liver function tests were normal. His initial ECG showed sinus tachycardia. He had no significant past medical history but was an ex-smoker of around twenty pack-years. There was no significant family history of note. A contrast-enhanced CT scan of the chest, abdomen and pelvis demonstrated a 17 Â 14 Â 19 cm heterogenous mass arising from the lower pole of the left kidney, displacing it anteriorly. There were also multiple enlarged left para-aortic lymph nodes measuring up to 25 mm and small lung nodules in the left upper and right lower lobes. CT appearances were consistent with a primary renal malignancy, which had bled significantly into the renal capsule ( Fig. 1 ). He required a 2 unit blood transfusion after which his condition stabilized without the need for emergency intervention. A decision was made that he would undergo a delayed open left radical nephrectomy with prior angio-embolization to allow time to recover from the acute episode. This was performed 6 weeks later via a rooftop incision with selective angio-embolization of three renal arteries immediately prior to the procedure. He made an uncomplicated recovery and was discharged 5 days post-operatively. Histology revealed a pT3a collecting duct carcinoma with tumor present in lymphatics of the hilar fat including the surgical hilar resection margin. Initial overall staging was pT3aN1M0 (Fig. 2) .
Ten weeks post-operatively he was admitted to the acute medical unit following an episode of collapse. His hemoglobin level had fallen to 79 g/L. Initial ECG demonstrated a ventricular tachycardia which was successfully converted to sinus rhythm with amiodarone. An urgent CT angiogram was arranged to identify any source of bleeding. This revealed a moderate left pleural effusion, a pericardial effusion, an increase in size of the pulmonary nodule in the right lower lobe and a hypodense mass in the basal lateral wall of the left ventricle, consistent with a cardiac metastasis. He was transferred to the acute coronary care unit where an echocardiogram confirmed a global pericardial effusion with otherwise normal cardiac function.
A cardiac MRI showed multifocal myocardial masses arising from the walls of the left and right ventricles and a further mass within the right ventricular outflow tract (Fig. 3) . He spontaneously developed swelling of his left shoulder and an X-Ray revealed a pathological fracture of his left acromium. He developed chest sepsis and a further contrast-enhanced CT scan showed bilateral pleural effusions with evidence of progressive pulmonary and pleural metastasis. He was commenced on treatment with oral pazopanib, a potent selective multi-targeted receptor tyrosine kinase inhibitor that blocks tumor growth and inhibits angiogenesis, but after only 7 days of treatment he deteriorated from progressive lung and cardiac metastases and died. Overall, time from diagnosis to treatment was just 16 weeks.
Discussion
Collecting duct carcinoma is a rare and aggressive form of RCC which develops from the collecting ducts in the renal medullary pyramid, unlike conventional RCC which is thought to arise from the proximal tubule. Population-based studies have shown that patients present at a higher stage and have worse disease-specific survival when compared to other types of renal malignancies. 1 Emerging evidence suggests they are clinically, histologically and genetically distinct from other types of RCC and should be treated as a separate disease entity. 4 Cardiac metastases from all types of cancer are not as rare as one might expect, with up to 25% of patients with known malignancy being diagnosed at autopsy. The most common tumors with cardiac metastatic potential are carcinomas of the lung, breast and esophagus, malignant lymphoma, leukemia and malignant melanoma. The majority of cardiac metastases however are clinically silent, which is in contrast to this case. 3, 5 Around 1% of RCCs are reported to have direct extension of tumor into the right atrium via the inferior vena cava but distinct cardiac metastases without inferior vena cava involvement are very rare, particularly to the left side of the heart. Spread via the intra-thoracic lymphatics has been proposed that causes a pattern of left cardiac metastases with epicardial and pericardial involvement and pleural metastases, 2,3 as seen in this case.
Conclusion
This case illustrates an unusual combination of cardiac metastases secondary to CDC. Cardiac involvement should be considered in all patients with CDC and cardiac symptoms and MRI is the investigation of choice. Rapid deterioration and disease progression can be expected in patients presenting with cardiac metastases secondary to CDC and the prognosis is extremely poor.
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